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Abstract
In the Neutrino Factory and Muon Collider, muons are
produced by ﬁring high energy protons onto a target to pro-
duce pions. The pions decay to muons which are then ac-
celerated. This method of pion production results in signif-
icant background from protons and electrons, which may
result in heat deposition on superconducting materials and
activation of the machine preventing manual handling. In
this paper we discuss the design of a secondary particle
handling system. The system comprises a solenoidal chi-
cane that ﬁlters high momentum particles, followed by a
proton absorber that reduces the energy of all particles,
resulting in the rejection of low energy protons that pass
through the solenoid chicane. We detail the design and op-
timisation of the system and its integration with the rest of
the muon front end.
INTRODUCTION
COMPONENT DESIGN
- Rogers
Chicane theory
Theory - derive * dispersion, achromaticity * Twiss
parameters * Funny bumps in reference trajectory (reso-
nances?)
Chicane tracking
Tracking simulation * Single particle tracking results -
DONE*Bunchtracking-momentumacceptance(DONE),
transverse acceptance (NOT DONE), emittance growth
(DONE)
Proton absorber
* Energy loss vs absorber thickness * Scatter-
ing/emittance growth vs absorber thickness
OVERALL SYSTEM DESIGN
In ICOOL and G4BL: Good muon rate vs proton ab-
sorber thickness (no chicane) - Neuffer (ICOOL)/Rogers
(G4BL)? Good muon rate vs proton absorber thickness vs
chicanebendingangle-Neuffer(ICOOL)/Rogers(G4BL)?
Proton beam power vs proton absorber thickness vs chi-
cane bending angle - Neuffer (ICOOL)/Rogers (G4BL)?
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Figure 1: Magnetic ﬁeld in the chicane, chicane angle 12.5
degrees.
Proton beam power vs good muon rate scatter plot - Neuf-
fer (ICOOL)/Rogers (G4BL)?
MARS ENERGY DEPOSITION STUDY
The system as simulated in MARS [...] starts at the end
of the target/capture region, 30 meters downstream from
the muon target. The initial distribution of particles is an
outcome of the target simulation by Nicholas Souchlas [...].
Part of the baseline front end drift channel lattice is re-
placed by a single chicane, nominally 12.5 each direc-
tion (other values of the chicane angle are considered as
well). Field maps for MARS simulations are generated by
G4beamline [...], the coil geometry is preserved for energy
deposition calculations. Coils have inner radius of 43 cm,
outer radius of 53 cm, length of 18 cm, with on-axis ﬁeld
of 1.5 T throughout the channel, see Fig. 1. Coils are su-
perconducting, standard MARS material SCON consisting
of 90% superconductor (60% Cu and 40% NbTi) and 10%
kapton (C22H10N2O5) is used for simulations. The proton
absorber is a 10 cm Be disk of outer radius of 42.9 cm.
No chicane, no absorber
The case of a straight drift channel with no chicane and
noabsorberisusedasareference. Inthiscasethepeaktotal
deposited power density (DPD) in the coils is 0.148 mW/g
(a common 0.15 mW/g limit for superconducting coils is
not exceeded), see Fig. 2. In terms of peak linear power
density for the geometry described above that corresponds
to 399.128 W/m for Cu coils or 311.818 W/m for supercon-
ducting coils. That is signiﬁcantly larger than the typical 1
W/m limit for hands-on operation; however, average linear
power density is much less, 34.087 W/m for Cu coils and
26.631 W/m for superconducting coils.
At the same time, 100% of both high and low energy
protons will propagate to the end of the drift channel, and
the proton absorber alone will not be sufﬁcient. The power
of the muon component of the beam at the downstream end0 50 100 150 200 250
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Figure 2: Deposited power density, drift channel, no chi-
cane.
of the drift section is 148.6% of the initial value for + and
146.4% for   for muons of all energies, or 135.8% and
132.9% for momenta in [100;400] MeV/c range.
Varying angle chicane, Be proton absorber
High energy protons are not bent by the chicane, they go
directly through some of the coils which therefore have to
be made normal conducting, and into the beam dump. Low
energy protons traverse the chicane and are stopped in the
Be proton absorber that has little effect on muons.
Basic radiation limit of 0.15 mW/g is exceeded in coils
#18 through #89; however, it could be reasonably reduced
by providing extra shielding in coils #40 and up, so only
coils #18–39 need to be replaced by warm normal conduct-
ing ones. Deposited power density (DPD) peaks at coil
#26 at 15.765 mW/g with a signiﬁcantly longer right tail in
the DPD distribution due to the contribution from protons
of lower energies, see Fig. 3. That translates into 42.602
kW/m for Cu coils or 33.282 kW/m for superconducting
coils. Proton absorber DPD is 292.25 mW/g or 312.262
kW/m.
Proton, + and   beam power ratios (compared to the
initial distribution at 30 m downstream of the target) are
summarized in Table 1 for various chicane angles.
CONCLUSIONS
Summary of work. Engineering challenges (normal con-
ducting vs superconducting).
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Figure 3: Deposited power density, drift channel, nominal
12.5 chicane.
Table 1: Beam power ratios for protons and muons before
and after the chicane/absorber for various chicane angles.
Chicane angle [deg] p [%] + [%]   [%]
no momentum cut
0.75 33.3/9.4 91.0/75.5 93.8/75.8
1.00 22.7/2.7 77.3/62.1 81.8/64.5
1.25 18.5/1.0 70.1/55.5 74.7/57.7
1.50 15.1/0.3 62.0/48.5 68.5/52.3
1.75 12.7/0.2 55.9/43.2 63.0/47.4
Momentum cut p 2 [100;400] MeV/c
0.75 70.8/25.3 112.9/96.7 113.8/95.6
1.00 37.4/5.8 113.1/95.2 110.4/91.6
1.25 18.1/0.8 112.7/92.9 108.2/87.1
1.50 6.2/0.1 104.6/84.3 103.5/80.9
1.75 1.7/0.1 96.9/74.1 96.7/72.9